Abstract. In this work the crosslinking behaviour of two silane-grafted polyethylenes was investigated with respect to time and temperature by using dynamic rheological measurements. It has been found that inhomogeneous character of the crosslinking reaction takes place in both tested samples. By utilization of G'-G" crossover method, it has been found that the sample with initially distinct crosslinking state and short critical crosslinking reaction time has high tendency to create small gels during production of hot water pipes. It has also been revealed that the temperature dependence of the critical time, at which the crosslinking speed is the highest, shows an Arrhenius-type behaviour.
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INTRODUCTION
By crosslinking of polyethylene, many important properties can be drastically improved, which opens the space for new applications such as production of hot water pipes, heat shrinkable products in cable installation, heat-resistant food-stuff packaging (up to 200°C), foams for thermal insulation, and chemical-resistant seals [1] . Crosslinking of polyethylene can be done through so called Sioplas process developed in 1968 [2] at which a mixture of silane and peroxide is added to molten polyethylene leading to silane grafting reaction by means of reactive extrusion. Silane grafting has some disadvantages namely long, geometry dependent reaction times due to the diffusion controlled mechanism of cross-linking; significant differences in the gel content and consequently in the product properties in case of minute changes in the formulation [3] . Moreover, there is a difficulty of uniform distribution of silane and thus there exists the probability of localized grafting and consequent formation of small gels [4] . Even if significant progress has been made in understanding of crosslinking reactions for silane-grafted polyethylenes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , there is still free space for the research in this field to obtain knowledge, which could help to optimize the silane grafting process and processing conditions.
One of the very important property of croslinking materials is gel point, which represents the state at which penetrating network of crosslinked molecules is created for the first time and can be determined by rheological measurements in the dynamic-mechanical mode. At the gel point, the transition from the viscoelastic liquid to the viscoelastic solid takes place, which is characterized by the frequency independent loss factor tanį [12] [13] . However, if the crosslinking reaction is not homogenous through the sample (due to initiation of the crosslinking reaction at the free surface for example), this well established rheological method for determination of physically well-defined gel point can fail [14] [15] . In order to assess at least semi-quantitative information of the crosslinking behavior, so called gelation index, GI, was recently introduced [15] . GI is based on method described in [16] [17] and it is defined as the time to reach intersection of G' and G", i.e. distinct crosslinking state of the sample.
In this work, crosslinking reactions of two slightly different silane-grafted polyethylenes were investigated through rheology in order to understand unwanted gel formation in hot water pipe production.
EXPERIMENTAL Material
In this work, two slightly different silane cross-linkable polyethylenes prepared by Sioplast process were used. Sample 1 NOK has very high tendency to create small gels during production of hot water pipes (see Figure 1 , left) whereas Sample 2 OK do not (see Figure 1 , right). 
Rheological Measurements
The rheological measurements were performed in an inert nitrogen and air atmosphere using a strain-controlled rheometer (ARES 2000, Rheometric Scientific) in the frequency sweep test (1-100 rad.s -1 ) as well as in the time sweep test at constant frequency of 1 rad.s -1 utilizing a parallel plate geometry of 25 mm. The temperature was varied between 205°C and 235°C.
RESULTS AND DISCUSSION
Basic rheological characteristics measured in nitrogen and air atmosphere for both investigated silane-grafted polyethylenes are summarized in Figures 2-5 . Tanį plotted versus the frequency for different crosslinking times show no horizontal line which would indicate a critical gel state. This can be explained by inhomogeneous character of the crosslinking reaction in both tested samples. Analysis of time dependent G' and G" moduli in Figures 2-5 (left side) reveals that NON sample has already passed G'-G" crossover point whereas OK sample do not, which indicates more distinct crosslinking initial state for NOK sample in comparison with OK sample. On the other hand, utilization of recently proposed gelation index (time to reach G'-G" crossover) to evaluate temperature dependence of the crosslinking kinetics for the tested silane-grafted polyethylenes is not applicable. This is because G'-G" crossover for NOK sample has already passed whereas time to reach this point for OK sample is extremely small (in orders of several seconds). In order to overcome this difficulty, the time at which the crosslinking speed is the heights (i.e. the time at which the maximum change in the complex viscosity takes place) was used for this purpose. This critical crosslinking reaction time was determined from the time dependent complex viscosity measured for both tested samples, at three different temperatures (205°C, 215°C, 225°C) in air atmosphere where the crosslinking reaction is more intensive in comparison with the nitrogen atmosphere (see Figure 6 ). Interestingly, temperature dependence of the critical time at which the crosslinking speed is the highest shows an Arrhenius-type behaviour (see Figure 7) , which has practical consequences with respect to evaluation/optimization of silane-grafted polyethylenes and processing conditions. 
CONCLUSIONS
The crosslinking behaviour of two silane-grafted polyethylenes was investigated as a function of time and temperature by using rheological measurements in the dynamicmechanical mode. It has been found that inhomogeneous character of the crosslinking reaction in both tested samples takes place which limits precise determination of physically well-defined gel point state and thus G'-G" crossover point method was used to distinct initial crosslinking state of both samples. It was found that the sample which has already passed G'-G" crossover point and having very short critical crosslinking reaction time has very high tendency to create small gels during production of hot water pipes. It has also been revealed that the temperature dependence of the critical time at which the crosslinking speed is the highest (determined from the complex viscosity plotted versus the time) shows an Arrheniustype behaviour.
